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Wetlands are one of the rarest habitats in the Daniel Boone National 
Forest in Kentucky, therefore, 110 wetlands have been established in an 
effort to restore an underrrepresented ecosystem. To encourage the 
establishment of Canada geese (Branta canadensis), artificial nesting 
structures were placerd i[l some of these wetlands. Seventy-two structures 
were placed in 40 wetlands to determine what the optimal nesting structure 
density would be for breeding success. Wetlands ranged from 0.5 acres to 
40 acres in size. Structure densities ranged from as low as 0.07 structures 
per acre to as high as 3.333 structures per acre. Each structure was visited 
six times between 11 March 1996 and 23 May 1996. Observations 9f 
disturbances, behavior, and site characteristics were recorded. Contrary to 
density-dependence theory, increasing the density of the structures ( even up 
to 3 per acre) had no effect .on clutch size (r=0.164, p<0:05) or the percentage 
of eggs that hatched (r=0.189, p<0.05). The most important factor in 
determining if a nest would be successful was lack of human disturbances, 
iii 
such as motor boat traffic (r=0.775, p<0.05). Thus, managers can grow more 
geese by increasing the density of nesting structures, but they should insure 
they are placed in areas with minimal human disturbance. 
c_ ~, Chair 
7 
iv 
ACKNOWLEDGMENTS 
I wish to thank Dr. Brian Reeder for his help in completing this project. 
also thank the other committee members, Dr. Les Meade, Mr. Fred Busroe, 
and Mr. Tom Biebighauser, for their suggestions. 
I would like to thank the Morehead State University Research and 
Creative Production Committee and the U.S. Forest Service for their help in 
funding this project. 
I would like to thank the U.S. Forest Service Morehead Ranger District of 
the Daniel Boone National Forest for allowing me access to their wetland 
sites and use of equipment. 
I am deeply grateful to a number of employees of the U,S. Forest Service 
at the Morehead Ranger District: Mr. Tom Biebighauser, Mr: Richard Hunter, 
Mr. George Morrison, and Mr. Louie Jessee. I appreciate their patience, time, 
and effort in the field. 
My sincere thanks go to my family for their support and encouragement 
and for understanding that thesis translated is "time". 
V 
TABLE OF CONTENTS 
ACCEPTANCE PAGE ii 
ABSTRACT iii 
ACKNOWLEDGEMENTS v 
TABLE OF CONTENTS vi 
LIST OF TABLES vii 
LIST OF FIGURES viii 
LIST OF APPENDICES ix 
CHAPTER 1. INTRODUCTION 1 
CHAPTER 2. LITERATURE REVIEW 3 
2.1 Reproduction of Canada geese 3 
2.2 Use of wetlands for Canada goose production 5 
2.2.1 Water level manipulation 5 
2.2.2 Artificial nesting sites 6 
2.3 Canada goose enhancement projects in Daniel Boone 
National Forest 8 
CHAPTER 3. MATERIALS AND METHODS 11 
3.1 Site Description 11 
3.1.1 Cave Run Lake 11 
3.1.2 Rebel Trace Lake 11 
3.1.3 Clear Creek Lake 14 
3.1.4 Minor E. Clark Fish Hatchery 14 
3.1.5 Scott Creek 14 
3.1.6 North Fork 19 
3.1.7 Beaver Creek 19 
3.2 Field Methods 19 
CHAPTER 4. RESULTS 24 
CHAPTER 5. DISCUSSION 35 
CHAPTER 6. SUMMARY AND CONCLUSION 38 
CHAPTER 7. REFERENCES 40 
~PEND~ M 
vi 
LIST OF TABLES 
Table 1. Wetland characteristics. 
Table 2. Results of regression analysis. 
Table 3. Mean % hatch for varying % forested perimeters. 
vii 
25 
27 
33 
LIST OF .FIGURES 
Figure 
1. Pole-mounted nesting structure used in the Cave Run Lake 
area wetlands. 7 
2. Floating nesting structure used in the Cave Run Lake area 
wetlands. 9 
3. Overview of study sites in the Cave Run Lake area. 12 
4. Location Of Cave Run Lake on the Morehead Ranger District, 
Daniel Boone National Forest. 13 
5. Rebel Trace Lake in Menifee County, Kentucky. 15 
6. Clear Creek Lake in Bath County, Kentucky. 16 
7. Minor E. Clark Fish Hatchery in Rowan County, Kentucky. 17 
8. Scott Creek wetland complex in Rowan County, Kentucky. 18 
9. North Fork wetland complex in Rowan County, Kentucky. 20 
10. Beaver Creek wetland complex in Menifee County, Kentucky. 21 
11. Correlation matrix of wetland characteristics. 26 
12. Graph of structure density vs clutch. 28 
13. Graph of structure density vs % hatch. 29 
14. Graph of wetland size vs % hatch. 31 
15. Graph of% forested perimeter vs% hatch. 32 
16. Graph of clutch size vs % hatch. 34 
viii 
LIST OF APPENDICES 
Appendix 
1. Observed wetland sites on Cave Run Lake. 
· 2. Clutch and hatch data. 
3. Estimated material cost for structure construction. 
ix 
44 
65 
67 
CHAPTER! 
INTRODUCTION 
The amount of suitable wetland habitat is directly proportional to the 
quantity of waterfowl in a region (Merendino et al. 1995). In the Daniel Boone 
National Forest, wetland habitat is one of the rarest habitat (Biebighauser 
1993); therefore, 110 wetlands with a combined area of almost 157 acres (69 
ha) have been constructed by the U.S. Forest Service since 1989 to enhance 
the populations of wetland flora and fauna, especially waterfowl (Biebighauser 
1993). An effort has been made to increase breeding success of Branta 
canadensis (Canada geese) by placing artificial nesting structures in the 
wetlands. 
Artificial nesting structures have commonly been used by waterfowl 
managers to increase the breeding success of Canada geese in wetland 
habitats (Ball 1990). These artificial habitats increase the number of available 
nesting sites in an area; additionally, geese nesting in artificial structures have 
been found to produce more goslings than those on natural shoreline nesting 
sites (Ball 1990). Although they are assumed to enhance the quantity of 
waterfowl in an area, no quantitative guidelines exist to determine the number 
of nesting structures to be placed in a given area of wetland. Qualitative 
observations on the Morehead Ranger District of the Daniel Boone National 
Forest indicate that Canada goose production decreases when the density of 
nesting structures approaches one structure per acre of wetland (Tom 
BiebighaLiser 1996, personal communication). 
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The increase in the populations of Canada geese in the United States 
during the last four decades is one of the more spectacular accomplishments 
of wildlife management, rivaling the comeback of the white-tailed deer and the 
wild turkey. As a result of this significant population increase, numerous 
studies have been conducted in relation to breeding biology, and much 
information about the biology and behavior of Canada geese has been 
documented. Yet, no studies have been conducted regarding density of 
artificial nesting structures in wetlands. The objective of this research is to 
determine the effect of increased density of nesting structures on hatching 
success in Canada geese; This will allow managers to better utilize funds on 
limited wetland areas to produce the optimum number of geese. 
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CHAPTER II 
LITERATURE REVIEW 
2.1 Reproduction of Canada geese 
Cl:lnada geese are monogamous breeders. They normally have their 
first successful brood in their third year. Occasionally a two-year-old female 
may go through the motions of courtship and nest building, but will usually not 
lay eggs. A clutch of 4 to 7 eggs (mean = 5) are deposited throughout the 
day at an average rate of one each 1.5 days. Female Canada geese 
incubate their eggs f9r an average of 28 days (Kossack 1950). Hatching 
typically begins on the 26th day of incubation. Brakhage (1965) noted that all 
the eggs in a clutch will hatch within a 24 hour period, agreeing with the time 
observed by Macinnes (1962). 
Breeding pairs of Canada geese break away from the flock to set up 
territories and build a nest in early spring. Hanan and Browning (1959) relate 
the start of nesting with the occurrence of average daily temperatures above 
40 degrees Fahrenheit. Usually the female leaves the nest twice daily for a 
short recess; the male will normally accompany his mate on these excursions. 
These breaks usually occur during the first and last two hours of daylight 
(Brakhage 1965; Skutch 1962). Cooper (1980) described these periods off 
the nest as lasting from four minutes to over two hours. 
Breen (1990) and Owen and Black (1990) found that Canada geese tend 
to be dispersed nesters, establishing nest locations away from other geese. 
The male stands guard a short distance from the nest while the female 
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incubates the eggs (Lindgrem and Shapiro 1995). Cooper (1980) noted that 
this territory appears to be a moving territory. It is centered around the 
female within a breeding ground home range shared with other nesting pairs. 
The male defends the area only when the•female is present. 
Early in the nesting period the pairs are not as aggressive; but as 
incubation proceeds, the level of aggression increases. Ewaschuk and Boag 
(1972) and Klopman (1968) found that visual cues are important factors in 
releasing agonistic behavior of Canada geese. Aggressive calls and displays 
of both male and female usually serve to turn trespassing pairs aside without 
the necessity of physical combat (Cooper 1980). 
The size of the defended territory varies. Territory size decreases with 
the density of the breeding population, increases with older (e.g. 3-8 yr) birds, 
and is dependent upon the nature of the surrounding cover (Cooper 1980). 
Ewaschuk and Boag (1972) believe that an increase in the vegetative cover 
will decrease the size of a territory. Brakhage (1965) found more aggressive 
ganders maintained larger territories. !f the gander has areas available 
nearby the nests where he can still observe the nest while resting (termed 
"loafing sites"), he will be less likely to get involved in territorial conflicts (Ball 
1990). 
Large territories are rarely vacated and include not only the nest site, but 
food and water. Small territories often lack adequate food and water. As a 
result, ganders in small territories must temporarily leave to obtain food-thus 
making it more difficult for the pair to retain the territory (Ewaschuk and Boag 
4 
1972). 
2.2 Use of wetlands for Canada goose production 
· In past years, natural wetland areas were not considered to be important 
ecosystems. Due to this belief, many wetlands were destroyed and 
converted into crop lands and various land tracts (Mitsch and Gosselink, 
1993) . However, eighty percent of American breeding birds depend on 
wetlands during some portion of their life for survival (Wharton et al. 1982); 
therefore, constructed wetlands have been used to offset losses of waterfowl 
breeding habitat (Leischisin et al. 1992). The number of breeding waterfowl 
using these wetland areas is influenced by: (1) the size of the wetland 
(McKinstry and Anderson 1994); (2) its proximity to other wetlands (Brown 
and Dinsmore 1986; McKinstry and Anderson 1994); and (3)"the proportion of 
emergent vegetation to surface area (Logan 1975; Slimack 1975; McKinstry 
and Anderson 1994). 
2.2.1 Water level manipulation 
Wetland managers encourage waterfowl use by establishing food plants 
through the use of water applications involving draining a wetland area 
(Weller and Batt 1988). Commonly wetlands are drained late in the summer 
to encourage the growth of emergent vegetation, such as Nuphar spp. 
(smartweed), Potamoqeton spp. (potamogeton), Nymphaea sp. (spatterdock), 
and Polygonum sp. (cockspur), which are important food sources for 
waterfowl (Kadleck 1962). 
Waterfowl production is largely dependent on natural wetlands with 
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vegetation that provides both cover and foraging areas (Merendino et al. 
1995; Ruwaldt et al. 1979). Ringleman (1990) found that breeding Canada 
geese prefer less than 10% emergent vegetation. Poly (1979) suggests that 
for maximum nesting success and population growth, dense vegetation 
should be promoted in the nesting area. 
Ewaschuk and Boag (1972) report that it may be possible to manipulate 
the vegetation to increase productivity of Canada geese. By providing 
vegetation that would supply cover and food sources, the probability of an 
area receiving use by Canada geese would be increased. 
2.2.2 Artificial nesting sites 
Although manipulation of vegetation via water level control has proven 
effective at increasing waterfowl density, artificial nesting structures can also 
provide a mechanism for managers to increase waterfowl success (Ball 
1990). Artificial nesting structures have been used to increase densities of 
nesting Canada geese since 1944 (Yocom 1952). Since then, a variety of 
structures used for nesting have been described (Brakhage 1965; Craighead 
and Stockstad 1961; Dill and Lee 1970; Hanson and Browning 1959; 
Reinecker 1971; Will and Crawford 1970). 
One of the most widely used is the pole-mounted structure (Figure 1 ). 
An advantage of the pole-mounted structure is thatit is mammalian predator-
proof, easy to install, and requires little maintenance (Atkins and Fuller 1979). 
Craighead and· Stockstad (1961) and Brakhage (1965) elaborate on their 
value in the elimination of clutch loss due to floods. 
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Figure 1. Pole-mounted nesting structure usec 
in the Cave Run Lake area wetlands. 
1' square 
metal plate 
1/2" thick 
---1---30 gallon 
platic tub 
6-8' metal 
-+------- pipe 
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One disadvantage to the pole-mounted structure is the absence of a 
loafing site for the gander. Brakhage (1965) found that if a loafing site is not 
available, a territorial gander is likely to use the nearest nesting tub for this 
purpose, preventing its use for nesting by other geese. For this reason, 
floating nest structures with loafing sites have been developed (Figure 2). 
Payne (1992) found that the placement of artificial nesting structures into 
wetlands has led to highly successful nesting (85-90% success rate). 
Few studies have been done on the success of artificial nesting 
structures being used to increase goose density; however, studies which 
have dealt with the use of islands should provide an ecologically similar 
analor;i. Coinciding with high nest and breeding pairs densities there has 
been high losses through desertion due to aggressive conflicts between 
neighboring breeding pairs (Ewaschuk and Boag 1972; Lokemoen and 
Woodward 1992). 
2.3 Canada goose enhancement projects in Daniel Boone National 
Forest 
In 1977, the Morehead Ranger District of the Daniel Boone National 
Forest initiated a Canada goose program on Cave Run Lake. A goose 
enclosure was developed at Shallow Flats near Cave Run Lake to protect 
geese from humans, provide an area for public viewing, and to serve as a 
feeding area during the nesting and brood rearing period. Thirty-three wing-
clipped goslings were obtained from the Tennessee Valley Authority at Morris 
Lake, Tennessee, with the intention of establishing a free flying, self-
8 
Figure 2. Floating nesEing structure used in thE 
Cave Run Lake area wetlands. 
cement block anchor 
polypropylene rope 
9 
30 gallon 
plastic tub 
treated 
plywood 
2" thick 
styrofoam 
perpetuating, resident flock of Canada geese on and around the Cave Run 
Lake, Kentucky, area. As a result of this and many other efforts across the 
state of Kentucky, the resident Canada goose numbers have increased from 
7,000 in 1991 (Prichert 1991) to 17,000 in 1996 (Prichert 1996). Banding 
counts from Cave Run Lake in June 1996 numbered 875 geese, including 
both new leg bands as well as recaptured geese. 
In 1989, the Morehead Ranger District of the U. S. Forest Service began 
constructing wetlands as part of a habitat improvement program. Wetlands 
are one of the rarest habitat in the Daniel Boone National Forest 
(Biebighauser 1993). Therefore, over 110 wetlands with a total combined 
area of 157.1 acres (68.8 Ha) have been constructed over a three county 
area to encourage the establishment of wetland species of flora and fauna. 
Wetland establishment has been a combined effort involving the U.S. Forest 
Service, Kentucky Department of Fish and Wildlife, Soil Conservation 
Service, Kentucky Division of Forestry, and Ducks Unlimited, Inc. 
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CHAPTER Ill 
MATERIALS AND METHODS 
3.1 Site Description 
Wetland areas included in this study are located in Norhteastern Kentucky 
on the Morehead Ranger District of the Daniel Boone National Forest. The 
study area is in a mild climatic zone and is dominated by deciduous hardwood 
forest. Sites in the study included three backwater areas of Cave Run Lake, 
two constructed lakes, three ponds in Minor E. Clark Fish Hatchery, and 
several wetlands located in three watersheds adjacent to Cave Run Lake 
(Figure 3). Wetlands ranged in size from as small as 0.5 acres to as large as 
40 acres and were a variety of shapes. 
3.1.1 Cave Run Lake 
Cave Run Lake is situated in Northeastern.Kentucky on the Licking River 
and extends into Bath, Rowan, Morgan, and Menifee Counties and lies within 
the Daniel Boone National Forest (Figure 4). The lake, primarily a flood 
control project, was constructed by the Louisville District, U. S. Army Corps of 
Engineers and became operational in 1974. Cave Run Lake has a surface 
area of 8270 acres and receives water from numerous watersheds, the 
largest being the Licking River. Water level fluctuations range from a high of 
765 feet above mean sea level to a low of 724 feet below mean sea level with 
and average summer pool depth of 730 feet above mean sea level. 
3.1.2 Rebel Trace Lake 
Rebel Trace Lake is a 20 acre lake completed in 1976 located on Big Salt 
Lick Road off of KY 36 six miles north of Frenchburg, Kentucky in Menifee 
11 
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Figure 3. overview of study site 
in the Cave Run Lake area. 
L!l!Jend 
1.Hinor E. Clark Fish Hatchery 
2.Scott Creek Bay 
3.Scott Creek 
4.North Fork 
5.Buck Creek Bay 
6.Leatherwood Bay 
7.Beaver Creek 
B.Clear Creek Lake 
9.Rebel Trace Lake 
Figure 4. Location of Cave Run Lake on the Morehea, 
Ranger District, Daniel Boone National Forest. 
Cave Run Lake 
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County (Figure 5). Rebel Trace Creek is the main contributing water source 
to the lake, which receives frequent water traffic by fishermen via a boat 
,, 
launch. 
3.1.3 Clear Creek Lake 
Clear Creek Lake is a 40 acre lake completed in 1982 located on U. S. 
Forest Service Road 129 off of KY 211 S 3 1 /2 miles from Salt Lick, Kentucky 
in Bath county (Figure 6). The lake's main contributing water source is Clear 
Creek. Timber snags occur along the southwestern shoreline and 
encompass approximately 5% of the total surface area of the lake. Water 
traffic by fishermen is frequent due to access via a boat ramp. 
3.1.4 Minor E. Clark Fish Hatchery 
Minor E. Clark Fish Hatchery is located adjacent to the Licking River on 
KY 801, 2 miles south of US 60, 8 miles west of Morehead, Kentucky in 
Rowan County (Figure 7). The hatchery is one of the largest warm water 
hatcheries in the United States and was completed in 1972, the construction 
funded mainly by fishing and hunting license sales. Minor E. Clark is the only 
state owned hatchery in Kentucky. It covers over 300 acres and contains 111 
rearing and brood ponds, concrete raceway for holding fish, and a display 
pool. Three ponds were used in this study. 
3.1.5 Scott Creek 
Scott Creek is one of the major watersheds adjacent to Cave Run Lake 
located off of KY 801 in Rowan County (Figure 8). Motorized traffic is 
accessible only by way of U.S. Forest Service Road 1288, which is closed to 
public vehicle access. Wetland construction in the Scott Creek drainage 
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Figure 5. Rebel Trace Lake in Menifee County, Kentucky 
15 
Figure 6. Clear Creek Lake in Bath County, Kentucky 
16 
Figure 7. Minor E. Clark Fish Hatchery in Rowan 
County, Kentucky. 
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~ Figure 8. Scott Creek wetland complex 
~ ,•,i,~J;p~ty, Kent. ucky. 
~ 
-) 
~r.:=. 
in Rowan 
began in 1977 with the establishment of the Shallow Flats goose 
impoundment. A total of 36 wetlands totaling 31.5 acres now exists in the 
drainage. Thirteen wetlands were included in this study. 
3.1.6 North Fork 
North Fork is one of the major tributaries of the Licking River located along 
U. S. Forest Service Road 1059 off of KY 519, 9 miles south of Morehead, 
Kentucky in Rowan County (Figure 9). Wetland construction in the North 
Fork drainage began in 1990. A total of 9 wetlands totaling 17.9 acres now 
exist in the drainage. Five wetlands were included in this study. 
3.1.7 Beaver Creek 
Beaver Creek is one of the major streams supplying Cave Run Lake 
located adjacent to KY 1274 in Menifee County (Figure 10). Wetland 
construction in the Beaver Creek drainage began in 1989. A total of 32 
wetlands totaling 53.3 acres now exists in the drainage. Fourteen wetlands 
were included in this study. 
3.2 Field Methods 
Wetlands in the Cave Run Lake area were chosen that represented a 
range of sizes nonmally found. Nesting structures were placed in the 
wetlands that did not already contain one and additional structures were 
placed in wetlands as needed to achieve a set density. Wetland size ranges 
(0.5-40 acres) had a range of structure densites from 0.1-3.3 structures per 
acre. Pole-mounted structures were placed in wetlands in Scott Creek, 
Beaver Creek, and North Fork. These structures were placed in the water. 
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Figure 9. North Fork wetland 
in Rowan County, Kentucky. i ' 
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The nesting tub was generally situated to be 1 foot or more above the water 
level in the wetland. Floating structures were placed in Buck Creek Bay, 
Scott Creek Bay, Leatherwood Bay, Clear Creek Lake, and Rebel Trace 
Lake. A total of 38 pole-mounted structures and 34 floating structures were 
used in the study. Holes were drilled in the bottom of each of the structures 
to allow for drainage of water. Pole-mounted structures were filled with wood 
chips to be used as nesting material while floating structures were filled with 
straw, which was placed on top of a layer of Styrofoam to prevent water from 
overwashing the eggs. 
Structures in 21 of the wetlands were visited a minimum of six times 
during the study period for thirty minute periods each visit. Wetlands chosen 
for observance represented a range of densities (Appendix t). Presence of 
one or both of the pair, disturbances (i.e., boats, humans, other geese), 
aggressive encounters, and weather conditions were noted and the data 
recorded in a field notebook. The nest location (i.e., in relation to other 
structures and vegetation}, and site characteristics (i.e., percent emergent 
vegetation, open field, forested shoreline, or otherwise) for all 40 wetlands 
were included in the field notebook. The original.field notes are in the 
Ecology Lab at Morehead State University. 
As an effort to minimize disturbance to nesting geese, nest observations 
were made from a point near the sites which provided visual coverage. 
Observation sites were consistent throughout the study period. Additional 
comments regarding, behavior possibly related to the presence of the 
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observer were noted as well as presence or absence of the gander due to 
observer presence. 
Field data was collected from 11 March 1996 through 5 May 1996. 
Clutch counts were obtained on 23 April 1996 (Buck Creek Bay, Scott Creek 
Bay, Leatherwood Bay, Clear Creek Lake, Rebel Trace Lake, and Minor E. 
Clark Fish Hatchery) and 27 April 1996 (Scott Creek wetland, North Fork 
. wetlands, and Beaver Creek wetlands). The hatching success survey was 
conducted on 17 May 1996 (Buck Creek Bay, Scott Creek Bay, Leatherwood 
Bay, Clear Creek Lake, and Rebel Trace Lake), 18 May 1996 (Scott Creek 
wetland and Beaver Creek wetlands), 21 May 199ff(North Fork.wetlands), 
and 23 May 1996 (Minor E. Clark Fish Hatchery) when the last geese had left 
their nests. Clutch and hatch data are summarized in Appendix 2. To 
minimize disturbance of nesting geese, clutch counts were conducted during 
periods when the hen was away from the nest. In the event that the hen was 
present, she was removed for a brief period while the data was collected, 
then immediately returned to the nest. 
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CHAPTER IV 
RESULTS 
Seventy-two nesting structures were located in 40 wetlands at various 
densities (Table 1 ). In these structures, 290 total eggs were laid during the 
1996 breeding season. Of these, 145 produced a live gosling (50% success). 
A correlation matrix of all the variables measured indicated nine factors varied 
with each other (Figure 11 ). Results of regression analyses are listed in 
Table 2. 
Structure densities ranged from as low as 0.1 structures per acre to as 
high as 3.3 structures per acre. Different densities were found to have 
varying effects on clutch numbers for the structures located within those 
specific wetland areas (Figure 12 {scattergram of density vs. _eggs laid}). The 
general trend is for clutch size to decrease with density. There was little 
correlation between structure density and clutch number (r=0.164, p=0.315, 
n=40 ), with density only accounting for approximately 2.7% of the variation in 
clutch size. Neither the number of eggs laid in a nest, nor the hatching 
success (r=0.184, p=0.241, n=40), were significantly affected by structure 
· density. However, only two sites had a density greater than 2 structures per 
acre. All densities had a least one site with a 100% hatch; however, there is 
significant variability within each density. As structure density approaches 
one or more per acre, regardless of wetland size,% hatch tends to decline 
(Figure 13). 
Wetlands in this study ranged from 0.5 acres to 40 acres. Large wetlands 
produced significantly more goslings (r=0.543, p=0.0003, n=40). However, 
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Table 1. Wetland characteristics. 
Size Structure %Forested %Emergent 
~tJaru:1 U~c.:eal t!e:D :i ;i :t:sz: _:ee:c:imete;c 7e~:t&1:t:i.an 
Scott Creek Bay 30 O.l 40 2 
Leatherwood Bay 30 O.l 40 15 
Buck Creek Bay 30 0.3 so 3 
Clear Creek Lake 40 O.l so 3 
Rebel Trace Lake 20 O.l 60 l 
Fish Hatchery 10 l.O 0 0 
Pond A 
Fish Hatchery 6 0.3 0 0 
Pond B 
Fish Hatchecy 6 0.2 0 0 
Pond C 
Scott Creek l4 l l.O so l 
Scott Creek 16 l l.O 25 l 
Scott Creek 20 l l.O 0 10 
Scott Creek 24 l l.O 0 s 
Scott Creek 25 l l.O 0 l 
Scott Creek 26 2 0.5 25 l 
Scott Creek 28 l l.O so 30 
Scott Creek 29 0.5 2.0 0 l 
Scott Creek 30 0.5 2.0 0 l 
Scott Creek 31 l l.O 0 l 
Scott Creek 32 l 3.3 80 15 
Scott Creek 34 l l.O 0 s 
Scott Creek 36 0.5 2.0 0 l 
North F0rk 3 2 0.5 60 25 
North Fork 4 2 0.5 40 10 
North Fork s 2 l.O 0 0 
North Fork 6 2 0.5 0 l 
North Fork 7 l l.O 40 2 
Beaver Creek l 5 0.2 80 5 
Beaver Creek 2 l l.O 25 so 
Beaver Creek 6 l 2.0 0 15 
Beaver Creek 7 2 0.5 so 3 
Beaver Creek ll 5 0.2 so s 
Beaver Creek 12 5 0.2 100 25 
Beaver Creek 13 3 0.3 25 l 
Beaver Creek 14 3 l.O 15 5 
Beaver Creek 17 3 l.O 40 30 
·seaver Creek 18 3 0.3 70 l 
Beaver Creek 21 3 l.O 20 s 
Beaver Creek 22 2 o.s 20 s 
Beaver Creek 24 2 l.O 20 2 
Beaver Creek 25 l l.O 50 5 
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Figure 11. Correlation matrix of wetland characteristics. 
Bold indicates significance. 
Str. 
cie:Dl;i G.ll. Ha:t ~Ha:t 
str. 
dens. 1. 000 -.164 -.189 -.116 
Clu. 1.000 .864 -.043 
Hat. 1.000 .225 
%Hat. 1.000 
Dist. 
Age 
Size 
iStruc. 
%Em. 
Peri. 
½send· 
Str. dens=Structure density 
Clu.=clutch 
Hat.-=hatach 
%Hat.=% hatch 
Dist.=disturbances 
Age=wetla.nd age 
Size (acres)=wetland size 
#Struc.=number of structures 
%Em.=% emergent vegetation 
Peri.=~ forested perimeter 
Qj ::it 
-.243 
.775 
.765 
.156 
1.000 
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size i 
~ge: lai:::c:e:liil liit:t:JJQ iEm. Peri. 
-.428 -.469 -.054 .083 -.252 
. 638 .543 .962 -.065 .038 
. 551 .595 .849 -.064 .219 
.003 .090 -.048 -.063 .424 
.543 . 712 .814 -.136 .059 
1.000 .731 .595 -.148 .092 
1.000 .533 -.086 .309 
1.000 -.103 .068 
1.000 .326 
1.000 
Table 2. Results of regression analysis. 
Regression Formula 
Clutch=8.772-2.482*Structure Density 
Clutch=3.329+0.567*Acreage 
Hatch=5.084-l.638*Structure Density 
Hatch=0.419+0.495*Clutch 
%Hatch=41.234+0.62l*Perirneter 
%Hatch=63.625-6.569*Structure Density 
%Hatch=59.15-0.162*Clutch 
%Hatch=56.026+0.353*Acreage 
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R-square 
0.027 
0.295 
0.036 
0.747 
0.180 
0.013 
0.002 
0.008 
clutch 
Figure 12. Graph of structure density vs clutch 
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Figure 13. 
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larger wetlands had more total structures; therefore, it is not surprising they 
would have more geese. The density of structures on a wetland did not have 
any effect on number of eggs laid or the probability of these eggs hatching 
(r=0.09, p<0.05), n=40) (Figure 14). There were some trends: all wetlands 
greater than 5 acres had at least some eggs hatch; unsuccessful hatching (0 
% hatch) was only seen in wetlands less than 5 acres. This relationship 
between size and % hatch is insignificant (r=0.189, p=0.2418, n=40). 
Structure density only accounted for approximately 3.6% of the variation in 
hatch in the wetland areas. This is congruent with there being no relationship 
between %hatch and the number of eggs laid. 
The amount of the wetland perimeter that was forested had a significant 
effect on the percent hatch (r=0.424, p<0.0001,n=40), but forested perimeter 
only accounted for 18% of the variation in percent hatch. All the eggs in a . 
nest hatched in wetlands with forested perimeters ranging from 0-85% 
(Figure 15). Ten out of 20 wetlands with less than 40% forested perimeter 
had less than half their eggs hatch; not a single wetland with greater than 
40% forested perimeter had less than a 50% successful hatch (Table 3). 
Since large clutches have more eggs, and egg density does not effect 
hatching success, large clutches resulted in more goslings per nest (r=0.864, 
p<0.0001, n=40) (Figure 16). Two structures were used by more than one 
mating pair at the same time. This is known as gang nesting, which 
commonly results in failed nesting and no eggs hatching--which was the end 
result in these structures. 
30 
%hatch 
Figure 14. Graph of wetland size vs% hatch. 
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Figure 15. Graph of % forested perimeter vs % hatch 
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Table 3. Mean% hatch for varying 
% forested perimeters. 
%Forested Mean 
Perimeter %hatch 
0-25 46.2 
26-50 64.5 
51-75 93.8 
76-100 87.5 
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N 
23 
11 
4 
2 
Figure 16. Graph of clutch vs hatct 
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CHAPTERV 
DISCUSSION 
Contrary to what would be expected from density-dependence theory, we 
found that goose nesting success and reproducton was just as high in 
wetlands with high densities of nesting structures and in wetlands with low 
densities. We also had greater hatching success and fewer desertions than 
most previous studies. Ewaschuk and Boag (1972) and Kossack (1950) 
found that high nest densities result in greater numbers of agonistic 
interactions between nesting pairs, resulting in high desertion rates. No nest 
desertions were observed in this study. Our geese seemed density-
independent, even when we had up to 3.3 structures per acre. 
Our success may have been enhanced by the amount of forest around 
most the wetlands. Ewaschuk and Boag (1972) and Klopman (1968) found 
that geese needed forested area around nesting zones to reduce agressive 
interactions. Forest perimeters provided "hiding areas" where the birds could 
go unobserved by their neighbors. We found that none of the wetlands with 
less than 50% forested perimenter had a less than 50% hatching success; 
although wetlands surrounded by less forest had less that 50% success about 
half the time. The visual obstructions provided by trees probably lowered 
desertion rates in nests surrounded mostly by forest. However, forested 
perimeter was not a significant indicator of nesting and hatching success, so 
other factors must be able to compensate or override the effects of forest. 
The absence of fighting among the mating pairs suggests the forest is 
important. But we found high success in wetlands that have no 
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forested perimeter. 
The amount of emergent vegetative cover along the perimeter of the 
wetland may also provide visual obstruction benefits similar to the forest. 
Ewaschuk and Boag (1972) recommend manipulation of vegetation to 
encourage dense vegetative growth for a maximum possible nesting success. 
Results from studies in other forested bottom land wetlands by Ringle.man 
(1990} and Poly (1979) found presence of dense emergent vegetation has a 
significant affect on nest success. We found no relationship between 
emergent vegetation:open water and nesting success in our wetlands. At 
least five wetlands with little to no emergent vegetation and no forested cover 
had 100% hatching success. This could be because most of our wetlands 
are small and surrounded by numerous other small wetlands or large water 
bodies (lakes and rivers).. Our geese liad many foraging sites available 
nearby that could be used during hardships. It was not unusual to have a 
disturbed bird move over to the adjacent lake or wetland. 
Data summarized by Lebeda and Ratti (1983) indicated an average clutch 
size of 4.4 eggs and a nesting success of 62%, with 1 or more eggs hatching 
from 55.6% of all nests observed. Results from this study indicate a 50% 
success rate with 1 or more eggs hatching from 69% of all nests. Mean 
clutch size was 3 eggs. This seemingly high level of success can be 
attributed to an absence of desertion and predation on the nesting structures, 
which was probably enhanced by the location and/or vegetational structures 
in or near the wetlands. These wetlands are all in a sparsely populated 
region of eastern Kentucky and have few disturbances. In the few cases 
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where we had human disturbances, they significantly decreased clutch size 
(although not hatching success). In our region, the distrubance was mainly 
traffic by boaters and fishermen. Gloutney et al. (1993) also found that 
human disturbance influences nest fate, especially in the early stages of egg 
laying. 
We assumed that larger wetlands should produce more birds. This was 
true, but was independent of density. Larger wetlands had no greater clutch 
sizes or hatching success than small wetlands, they simply had more total 
structures than the smaller wetlands. Density of structures had no effect--
whether the wetland was large or small. 
We can conclude that these wetlands were more successful than average 
in Canada geese nesting and hatching success. However, w_e cannot 
conclude what factors are providing the increased success. Many common 
factors that influence success, such as habitat structure and diversity, size of 
area available, and surrounding forest area, were not singly important to the. 
success of any particular wetland or group of wetlands. 
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CHAPTER VI 
· SUMMARY AND CONCLUSIONS 
Artificial nesting structures that were placed in constructed wetlands 
produced high success and rapid results. The results of this study indicate 
that the placement of artificial nesting structures is an effective method for 
increasing Canada goose populations in wetland areas with no restrictions 
due to the effect of density of nesting structures in relation to wetland size. 
Increasing the density of nesting structures has no efect on clutch size or the 
percentage of eggs that hatch, with little correlation to wetland size. 
The relationship between the percent of the wetland perimeter that is 
forested and hatching success is weak. However, the trend is for wetlands 
with a higher% forested perimeter to have greater hatch success, therefore 
suggesting placement of nesting structures in wetland areas with densely 
forested perimeters. 
A negative aspect of artificial nesting structures is they are more visible 
and susceptible to human and conspecific intrusion. One advantage of this 
study was that the sites were generally located in areas with a low human 
population density. This problably minimized distrubances and resulted in 
high hatching sucess rates. Although we did find some correlation between 
human distrubance and loss of viable eggs, there was insufficient replication 
to make definite conclusions regarding the effects of boat activity. 
However, the main disadvantage of artificial nesting structures is cost of 
materials (Appendix 3). Average cost for one pole-mounted nesting structure 
is $44.00, while the average cost for one floating nesting structure is $48.00. 
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This resulted in an average cost per gosling produced of $29.00 for pole-
mounted nesting structures and $20.00 for floating nesting structures for the 
1996 breeding season. However, structures should last 1 0 years or more, 
resulting in an order of magnitude decreased cost per gosling produced. 
Incorporation of islands into the wetlands during construction would have 
resulted in an average cost per gosling produced of $31.00, taking into 
account the effects of predation losses. Benefits of islands over nesting 
structures would be the absence of constant maintenance costs, which would 
result in a cheaper net cost per gosling produced over the course of several 
breeding seasons. Though islands would·probably result in increased 
predation, they do appear to be a more cost effective method than artificial 
nesting structures for goose reproduction, as well as providing a more natural 
habitat. 
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Scott Creek Bay on Cave Run Lake 
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Mc1rina Bao\r 
of structures in Scott Creek Bay. 
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Structure locations in Scott Creek wetland 32. 
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Structure location in North Fork wetland 3. 
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Structure location in North Fork wetland 7. 
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Clutch and Hatch Data 
Wetland Size # # Eggs/ % 
Site {Acres) Structures # Eggs Nest Hatch 
1 30 3 14 4.7 29 
2 30 2 5 2.5 100 
3 30 10 45 4.5 75 
4 40 4 15 3.7 60 
5 20 2 11 5.5 100 
6 1 3 3 1 100 
7 1 1 1 1 100 
8 1 1 3 3 60 
9 1 1 2 2 100 
10 2 1 2 2 100 
11 1 1 3 3 100 
12 0.5 1 5 5 100 
13 0.5 1 0 0 0 
14 1 1 5 5 100 
15 0.5 1 3 3 60 
16 1 1 4 4 0 
17 0.5 1 3 3 0 
18 2 1 2 2 100 
19 3 1 5 5 40 
20 3 3 9 3 44 
21 3 3 18 6 55 
22 3 1 3 3 100 
23 2 2 4 2 75 
24 2 2 0 0 0 
25 5 1 3 3 60 
26 5 1 2 2 100 
27 5 1 3 3 60 
28 2 1 4 4 75 
29 1 1 3 3 60 
30 2 1 4 4 75 
31 2 2 4 2 50 
32 1 1 0 .0 0 
33 2 1 2 2 100 
34 2 1 3 3 30 
35 10 10 54 5.4 30 
36 6 2 31 15.5 30 
37 6 1 4 4 50 
38 1 1 4 4 0 
39 1 1 3 3 0 
40 1 1 1 1 0 
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Floating Nest Platform 
3/4" thick treated plywood, 4' x 4' 
2" thick blue styrofoam, 4' x 4' 
Polypropylene rope, 40' lone 
Cement block 
30 gallon plastic tub 
Treated 2" x 4", 4' long 
Lag bolts, 2" long ( 4) 
Washers (4) 
Wood chips 
Pole-mounted Nesting Structure 
Steel pipe, 2" diameter, 6' long 
Steel pipe, 2 1/2" diameter, 1' long 
Metal plate, 3/16" thick, 8" x 8" 
Bolts, 3/8" diameter x 1" long (4) 
Washers (4) 
Nuts (4) 
30 gallon plastic tub 
Wood chips 
Bolt, 3/8" diameter x 3/4" long 
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$13.81 
$10.96 
$10.00 
$00.88 
$08.00 
$01.36 
$01.08 
$00.28 
$02.89 
Total: $48.38 
$25.50 
$04.12 
$01.67 
$00.68 
$00.28 
$00.28 
$08.00 
$02.89 
$00.17 
Total: $43.59 
